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Abstract
Several conifers have been considered as candidates for "Annedda", which was the source for a
miraculous cure for scurvy in Jacques Cartier's critically ill crew in 1536. Vitamin C was responsible
for the cure of scurvy and was obtained as an Iroquois decoction from the bark and leaves from
this "tree of life", now commonly referred to as arborvitae. Based on seasonal and diurnal amino
acid analyses of candidate "trees of life", high levels of arginine, proline, and guanidino compounds
were also probably present in decoctions prepared in the severe winter.
The semi-essential arginine, proline and all the essential amino acids, would have provided
additional nutritional benefits for the rapid recovery from scurvy by vitamin C when food supply
was limited. The value of arginine, especially in the recovery of the critically ill sailors, is postulated
as a source of nitric oxide, and the arginine-derived guanidino compounds as controlling factors for
the activities of different nitric oxide synthases. This review provides further insights into the use
of the candidate "trees of life" by indigenous peoples in eastern Canada. It raises hypotheses on the
nutritional and synergistic roles of arginine, its metabolites, and other biofactors complementing
the role of vitamin C especially in treating Cartier's critically ill sailors.
Background
One of the first documented uses of indigenous medicine
in North America was the cure in the winter of 1536 of
Jacques Cartier's crew from a disease he called "Scor-
but"(scurvy) [1,2]. Cartier's second voyage (1535–1536)
was undertaken at the command of King François 1er to
complete the discovery of the western lands under the
same climate and parallels as in France. At Stadaconna,
now Quebec City, Cartier's crew was cured from scurvy by
ascorbic acid (vitamin C) obtained as a decoction from
the Iroquois. It was prepared by boiling winter leaves and
the bark from an evergreen tree. The tree, identified as
"Annedda", became known as the "tree of life" or "arbre
de vie" because of its remarkable curative effects. In the
winter, scurvy was the most prevalent disease among the
Iroquois. This was due to the lack of food and vitamin C
[3].
The cure for scurvy was significant for future naval explo-
rations and for the introduction of the tree into France
during the Reformation when the Age of Reason began
(1558–1648) [4]. The medicinal value of the tree of life
contributed to the resurrection of botany, which at that
time struggled to free itself from pharmacy when medical
men were still its masters. By the eighteenth century, the
French naturalists at the Jardin du Roi in Paris knew of
Thuja occidentalis as the tree of life and planted an avenue
of it in the Jardin itself [5].
The Iroquois referred to the tree as Annedda (l'Annedda,
Aneda, Anneda, Hanneda) [2]. Other tribal names for
conifers were "ohnehta" for white pine, "onita" and
"onnetta" for white spruce (Mohawk, Onandaga). These
names represent the evergreen nature characteristic of
coniferous trees. Regarding the transmission of the tree of
Published: 2 February 2009
Journal of Ethnobiology and Ethnomedicine 2009, 5:5 doi:10.1186/1746-4269-5-5
Received: 13 August 2008
Accepted: 2 February 2009
This article is available from: http://www.ethnobiomed.com/content/5/1/5
© 2009 Durzan; licensee BioMed Central Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Page 1 of 16
(page number not for citation purposes)
Journal of Ethnobiology and Ethnomedicine 2009, 5:5 http://www.ethnobiomed.com/content/5/1/5life to France, the earlier one goes, the sparser are the avail-
able manuscripts. The pre-Linnaeus terminology for coni-
fers made their precise identity impossible to make. Based
on collections by French explorers and the ethnomedicine
of indigenous peoples in eastern Canada, the true identity
of the tree of life became controversial [2]. The identity of
Anneda was narrowed down to eastern white cedar or
arborvitae (Thuja occidentalis L.), white spruce (Picea
glauca (Moench) Voss), black spruce (Picea mariana
(Mill.)), eastern white pine (Pinus strobus L.), red pine
(Pinus resinosa Aiton), balsam fir (Abies balsamea (L.)
Mill.), eastern hemlock (Tsuga canadensis (L.)), and juni-
per (Juniperus communis L.) [2,6].
We now know that during late a severe winter and at a
similar latitude to Quebec City, the candidate trees of life
are a rich nutritional source of arginine, proline and other
amino acids [7-9]. Their physiological fluids and proteins
contain amino acids which are essential in the human diet
because the body does not synthesize them (viz., phenyla-
lanine, valine, threonine, tryptophan, isoleucine, methio-
nine, leucine, and lysine). Arginine, cysteine, glycine,
glutamine, histidine, proline, serine and tyrosine are con-
ditionally essential, meaning they are not normally
required in the diet, but must be supplied to specific pop-
ulations that do not synthesize these amino acids in ade-
quate amounts [10]. Today, these amino acids are used as
nutritional support for the recovery of critically ill patients
[11-14]. In the recovery from scurvy they would help to
promote vitamin C-dependent collagen biosynthesis, pro-
mote wound healing, reduce susceptibility to sepsis, and
contribute to weight gain [10,15-17].
The importance of arginine as a source of the free radical
nitric oxide (NO) was recognized by the Nobel Prize in
Physiology or Medicine in 1998 given to R. Furchgott, J.
Ignarro and F. Murad. They identified NO as a signalling
molecule in the cardiovascular system. Derived from
arginine and oxygen, NO maintains blood pressure by
dilating blood vessels, helps kill invaders in the immune
response, and is needed for wound repair [18-21]. It can
pass through biological membranes, oxidize foreign sub-
stances, and acts as a secondary biological messenger
which affects diverse metabolic pathways. Unexpectedly,
the candidate trees of life can produce NO from arginine,
and contain guanidino compounds that may regulate the
enzyme, nitric oxide synthase (NOS), which is responsi-
ble for the formation of NO [8,22,23]. The arginine-
derived guanidino compounds are potential therapeutic
agents for the regulation of various nitric oxide synthases
(NOSs) when the overproduction of NO becomes associ-
ated with septic shock, neurodegeneration, and inflam-
mation [21].
My review deals with the nitrogenous compounds in the
physiological fluids of candidate trees of life in a severe
winter, and theorizes as to how these nutrients could have
helped to improve the recovery of the critically ill sailors
in 1536. The availability of arginine, the essential amino
acids, and biofactors in decoctions, obtained from the
trees of life, are discussed in terms of their contributions
to the recovery of the critically ill crew at Stadaconna, the
ethnnobotany and ethnomedicine of the indigenous peo-
ples in eastern Canada during food shortages, and in the
vitamin C-dependent cure for scurvy. This is meant to gen-
erate hypotheses, not to confirm them.
The recovery from scurvy in Jacques Cartier's crew in 1536
Scurvy is an acute chronic illness caused by a dietary defi-
ciency of ascorbic acid (vitamin C). Humans are not able
to synthesize vitamin C from glucose because they lack a
gluconolactone oxidase [10]. There are two active forms of
vitamin C: L-ascorbic acid and dehydroascorbic acid.
Ascorbic acid is absorbed by the small intestine and
requires an energy-dependent active transport system. It is
stored in all tissues. Exposure to long periods of cold tem-
peratures can lead to ascorbic-acid insufficiency.
The first symptoms of scurvy occur when the total-body
pool of vitamin C falls below five grams. The body
requires vitamin C to efficiently use carbohydrates, fats,
and protein. It binds and neutralizes the tissue-damaging
effects of free radicals. It is an essential cofactor for the for-
mation of collagen, the body's major building protein,
and is essential to the proper functioning of all internal
organs.
Scurvy is characterized principally by anemia, hemor-
rhagic manifestations in the skin (ecchymoses and peri-
follicular haemorrhage), and in the musculoskeletal
system (haemorrhage into periosteum and muscles). The
gums start to bleed. Teeth are loosened [24]. With no vita-
min C intake, the symptoms of scurvy would occur after
one to three months. Unless treated, scurvy is fatal.
At Stadaconna (46° 49' N, 71° 13' N) and in
November1535, Canada's cold struck with its entire rigor,
and ice thickened to two fathoms. In December, over 50
of the Iroquois died from an unknown sickness (scurvy).
The sickness began to spread to Cartier's crews in all three
of his ships. By mid-February 1536, of the 110 member
crews, 8 were already dead and more than 50 past all hope
of recovery. Excerpts from Burrage [1, p. 73] reveal that the
unknown sickness in Cartier's crew "spread itselfe amongst
us after the strangest sort that ever was eyther heard of or seene,
insomuch as some did lose all their strength, and could not
stand on their feete, then did their legges swel, their sinnowes
shrinke as blacke as any cole. Others also had all their skins
spotted with spots of blood of a purple colour: then did it ascendPage 2 of 16
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their mouth became stincking, their gummes so rotten, that all
the flesh did fall off, even to the rootes of teeth, which did also
almost fall out".
"Our Captaine seeing this our misery, and that the sicknesse
was gone to farre, ordained and commanded, that every one
should devoutly prepare himselfe to prayer, and in remem-
brance of Christ, caused his Image to be set upon a tree, about
a flight shot from the fort amidst the yce and snow, giving all
men to understand, that on the Sunday following, service
should be said there, and that whosoever could goe, sicke or
whole, should go thither in Procession, singing the seven
Psalmes of David, with other Letanies, praying most heartily
that it would please the said our Christ to have compassion
upon us ... That day Philip Rougemont...being 22 yeeres olde,
and because the sicknesse was to us unknown, our Captaine
caused him to be ripped to see if by any meanes possible we
might know what it was...he was found to have his heart white,
but rotten, and more than a quart of red water about it: his liver
was indifferent faire, but his lungs blacke and mortified, his
blood was altogither shrunke about the heart, so that when he
was opened great quantitie of rotten blood issued out from
about his heart...Moreover, because one of his thighs was very
blacke without, it was opened, but within it was whole and
sound." Scurvy continued to spread until not more than
three sound men remained in the ships. None were able
to go under the hatches to "draw drink for himselfe, nor for
his fellowes."
At Stadaconna, Cartier encountered the native Domagaia,
who "not passing ten or twelve dayes afore, had bene very sike
with that disease, and had his knees swolne as bigge as a childe
of two yeres old, all his sinews shrunke together, his teeth
spoyled, his gummes rotten, and stinking. Our Captaine seeing
him whole and sound, was therat marvelous glad, hoping to
understand and know of him how he had healed himselfe...He
answered, that he had taken the juice and sappe of the leaves of
a certain Tree, and therewith had healed himselfe: For it is a
singular remedy against that disease."
Domagaia "sent two women to fetch some of it, which brought
ten or twelve branches of it, and therewithall shewed the way
how to use it... to take the barke and leaves of the sayd tree, and
boile them togither, then to drinke of the sayd decoction every
other day, and to put the dregs of it upon his legs that is sicke:
moreover, they told us, that the vertue of that tree was, to heale
any other disease: the tree in their language called Ameda or
Hanneda..." Other translations refer to the tree as
"Annedda", "Anneda" or "Hanneda" [2]. This sickness was
treated with a boiled decoction from the bark and leaves
of "a tree as big as any oak in France".
Cook [25] translates that "The Captain at once ordered a
drink to be prepared for the sick men but none of them would
taste it. At length one or two thought they would risk a trial. As
soon as they had drunk it they felt better, which must clearly be
ascribed to miraculous causes; for after drinking it two or three
times they recovered health and strength and were cured of all
the diseases they had ever had. And some of the sailors who had
been suffering for five or six years from the French pox [syphilis]
were by this medicine cured completely. When this became
known, there was such a press for the medicine that they almost
killed each other to have it first; so that in less than eight days
a whole tree as large and as tall as any I ever saw was used up,
and produced such a result that had all the doctors of Louvain
and Montpellier been there, with all the drugs of Alexandria,
they could not have done so much in a year as did this tree in
eight days; for it benefitted us so much that all who were willing
to use it recovered health and strength, thanks be to God." We
do not know how much ascorbic acid was lost during the
boiling of the decoction and in the recovery of the "dregs",
but it is clear that sufficient vitamin C was available to ini-
tiate a cure.
In today's healthy men, the body is estimated to store
1,500 mg of ascorbic acid. It is used at an average rate of
3% of the existing pool per day [26]. After three months
of vitamin C deprivation, the stores become largely
depleted. The earliest signs of depletion begin during the
first month of deprivation. Bleeding gums are not the
most characteristic feature of scurvy and are a late mani-
festation. Except in the most severe cases, vitamin C
would stop spontaneous bleeding within 24 hours and
bleeding of the gums would stop in two to three days.
Muscle and bone pain would quickly fade [24].
In advanced scurvy another group of symptoms becomes
identifiable [15,24]. They include ocular haemorrhages,
loss of secretion of salivary and lachrymal glands, swelling
of the parotid and submaxillary glands, loss of hair, fem-
oral neuropathy, oliguria with edema of the lower extrem-
ities, psychological disturbances, impaired vascular
activity, poor responses to stimuli that normally activate
vasomotor adaptive mechanisms, and scorbutic arthritis,
which is clinically similar to rheumatoid arthritis with
pain, swelling, joint effusions, and limited motion. All of
the above would respond completely to therapy with
ascorbic acid given the added nutritional benefits of the
conditionally and essential amino acids and other biofac-
tors in the decoction.
Identities of Annedda and the trees of life
Before 1547 and during the reign of François 1er, seeds of
Annedda were delivered to the Royal Garden (Jardin du
Roi) at Fontainbleau and presented to the King. Appar-
ently seeds were collected from a tree or trees similar to
Annedda [2]. In 1553, Belon wrote in the Bulletin Den-
drologique that Annedda was growing in the Royal Gar-
dens at Fontainbleau. Nearby was another small tree, aPage 3 of 16
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Wood from these trees were used as medicine.
In Hickel's translation [27] of Belon's book, we read that
"...à cette époque, les seules espèces exotiques introduites étai-
ent l'Arborvitae (Thuya occidentalis) et Pinus strobus, et que,
d'autre part l'auteur confond plus ou moins diverses espèces de
pins." When Belon visited Turkey, he found a tree similar
to the one at Fontainebleau, which was brought from
Canada and called "Arbre de Vie". Moore [6] citing the
works of Bolle [28] and Annon. [29], who both reexam-
ined Belon's records, proposed that the identity of the
Annedda was not eastern white cedar, but a five-needled
white pine (Pinus strobus). It is now evident that two trees
of life were introduced from North America as exotic spe-
cies [2,6]. "The fate of the pine at Fontainbleau is not known"
[6]. Bolle [28]"could not find any further record of eastern
white pine growing in Europe until 150 years later when it was
introduced into England".
In 1632, the botanical garden, established in Paris in 1632
by King Louis XIII of France, was intended for the cultiva-
tion of medicinal plants [5]. Landowners and naturalists
were engaged in testing the effects of climate upon grow-
ing new exotic species arriving in France. A Bridgeman Art
Library archive shows a "burgeoning bower" resembling
eastern white pine in the botanical garden (Nature 2001,
410, 303). The King's garden survived the French Revolu-
tion (1796–1798) and its nurseries were used to provide
patriotic 'trees of liberty'. They were planted in front of
public buildings. The first trees of liberty were actually
maypoles planted by peasants as a symbol of revolt
against local lords in the winter of 1790.
Today, Annedda is commonly referred to as eastern white
cedar or arborvitae (Thuja occidentalis L.). This appellation
was based on botanical evaluations, historical documents,
naval and folklore medicine, notes of Cartier's contempo-
raries, and on the estimates of biochemical content of
vitamin C [2]. The anti-scorbutic benefits of the candidate
trees of life are abundant in the records and reviews of
indigenous Maritime medicine [2,3,30-33].
Conifers, native along the travel routes of Jacques Cartier,
and with known high levels of vitamin C are Picea rubens,
Pinus resinosa, Pinus nigra, and Pinus banksiana. In the
"Native Trees of Canada", Canada Forest Service Bulletin
1919, No. 61 the botanical names of conifers had popular
names. Thuja occidentalis was called cedar, and referred to
as white cedar, and arborvitae. Pinus strobus was called
white pine, and sometimes referred to as Weymouth pine,
pattern pine, eastern white, yellow, and Quebec pine.
Picea canadensis was called white spruce, and sometimes
northern, skunk, cat spruce, and pine. Pinus banksiana was
called jack pine and sometimes grey pine, cypress, juniper,
and Banksian pine.
Today, the eastern white cedar (Thuja occidentalis L.) has
the largest number of cultivars, and many do not resemble
the species type [34]. Mature trees will reach 30 to 40 feet
tall with a spread of 15 feet. The upright cultivars are
much shorter. The latter would unlikely be "as big as any
oak in France". In eastern Canada, white pine was reported
to reach a height of 250 feet and a diameter of 6 to 15 feet
[35].
Conifer decoctions for the treatment of scurvy
Domagaia cured himself with the "the juice and sappe of the
leaves of a certain tree". Adult scurvy is now treated with
300–1000 mg of ascorbic acid per day [15]. In clinical der-
matology, ascorbic acid is recommended three times a
day, 100 mg is given until 4 g is reached, and then 100
mg/d becomes curative in days to weeks [24]. Repletion
studies demonstrated recovery from daily doses of only
6.5 [26]. Larger doses gave more rapid improvement and
increased ascorbic acid storage in the body. The plasma
levels of ascorbic acid attained depended on body weight
(dose per kg of body weight) and on whether or not any
prior depletion had been adequately repleted [16].
In early explorers, a deficiency of vitamin C repeatedly
caused morbidity and death [36,37]. Teas, brews, and
beers, prepared from the needles of spruces and pines,
were used to treat the symptoms of scurvy [38,39]. Scurvy
remedies were being made, sold and used under the name
of "sapinette"[2]."According to the physician Gardane, in Des
maladies des créoles (Paris 1784), this was a decoction of
"sapin du Nord", or Picea abies. In Canada sapinette was made
from the buds of the "Prussian fir", a name which was used
indiscriminately for Abies alba, A. balsamea, and Picea abiesby
Cartier. Sapinette was widely used in Canada, but the recipe
seems to have come originally from the Baltic coast and sapin-
ette was being used by the Russian navy long before the French
took interest in it. The Russians in fact did use fermented pine
buds with their fir decoction, though the species here is not spec-
ified. But it seems the French used fir, even in Canada" (Spary,
personal communication [5]).
Spary writes, "The French were experimenting with sapinette
on their long-distance voyages during the 1780s, and it was
stocked on board the Laperouse expedition vessels"..." sapinette
was bought ready-made from London. All things considered,
this does not suggest that there was a direct connection between
Pinus strobusin particular and the antiscorbutic programme,
though it is entirely possible that this species was brought to
Paris to be investigated for its virtues in that regard". The Brit-
ish knew of the anti-scorbutic benefits of sapinette and of
lemons and oranges in a cure for scurvy [37]. In 1753Page 4 of 16
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as directly related to dietary deficiency.
Spruce beer was used as an anti-scorbuticum by James
Cook in his second Pacific voyages in Western Canada
(1772–1775) [40]. Cook obtained this recipe for spruce
beer from Joseph Banks who had visited Newfoundland
before Cook [41]. The beer was prepared from fresh nee-
dles of a spruce tree, which in New Zealand was Dacrydium
cupressinum [42]. On Cook's third voyage near Alaska,
Sitka spruce (Picea sitchensis) was used but it was not as
acceptable as the brew from Dacrydium. [43]. A similar
drink called "Kallebogas" was used in Newfoundland.
Variations involved the addition of rum and maple sugar
[44].
Vitamin C was first isolated from paprika, chemically
identified, and its metabolic role worked out by Albert
Szent-Györgyi. He found that vitamin C also required
cofactors to function properly. These cofactors are now
known to be flavonoids. He was awarded the Nobel Prize
in Physiology or Medicine in 1937 for his discoveries in
biological combustion with special reference to vitamin C
and for the catalysis of fumaric acid, an intermediate in
the citric acid cycle. These factors, taken together, were
probably available in the decoction used to cure scurvy.
Eastern hemlock (Tsuga canadensis) and black spruce
(Picea mariana) served as ascorbutica [32,44]. The indige-
nous peoples of the Maritime Provinces of Canada used
roots, twigs, leaves, and bark, but rarely strobili or seeds in
decoctions taken as a cupful in the morning [3]. Teas, pre-
pared by steeping or boiling leaves from conifers, served
as refreshing drinks and a tonic of medicinal value [33].
Green tissues offer high moisture content, vitamin C, folic
acid, minerals and other biofactors. Roots are a good
source of minerals but provide only small amounts of
vitamins in a 100-gram portion [32]. The bark was usually
collected from the east side of the tree. The selected root
or branch ran to the east [3]. The reason was that these col-
lections benefited from having more potency obtained
from sunlight.
The vitamin C in lemon and oranges (50 mg/100 g) are
exceeded in the needles and bark of several conifer spp.
[33]. Reduced ascorbic acid in 100 g of fresh needles and
shoots was reported in Abies balsamea (270 mg), Picea
rubens (169 mg), Pinus strobus (32 mg, bark contained 200
mg), Thuja occidentalis (45 mg) [2]. R. B. Thomson at the
University of Toronto found a content of 20–80 mg
reduced ascorbate in 100 g of white spruce bark [2]. For
the treatment of scurvy, spruce (white and black) was con-
sidered as a likely candidate for the tree of life based on
the ethnobotanical literature. Spruce is frequently
recorded as being antiscorbutric and common in Quebec
City. White pine was also widely used.
The extracts from Cartier's tree of life raised considerable
interest as a cure for all diseases. In 1494 King Charles VIII
of France had already invaded Italy. Within months, his
army collapsed and was routed not by the Italian army but
by a mysterious new disease [45]. The disease was spread
through sex and killed many of Charles's solders. Euro-
pean physicians were already aware of the root of sarsapa-
rilla (Smilax officinalis) as a tonic, blood purifier, diuretic,
and sweat promoter. Cartier's claim for the Iroquois
decoction as a cure of all diseases may have been over-
stated to impress King François 1er (1515–1547). It is
unlikely that vitamin C and other components from the
trees of life would have cured syphilis in Cartier's crew at
Stadaconna.
Food sources and medicines used by indigenous peoples in 
Canada
Twenty-five conifer species are identified as a traditional
food source by indigenous peoples of Canada. Kuhnlein
and Turner [32] have described the distribution, occur-
rence, food values and warnings for the Cypress family
(Cupressacae), the Pine family (Pinaceae), and the Yew
family (Taxaceae). The Canadian indigenous peoples are
recognized for their ingenuity in processing foods to
remove toxins by heating, leaching, fermenting, adsorp-
tion, drying, physical processing, and changing the acid-
base ratio. Arnason et al. [33] have produced a compen-
dium of the various uses of plants, which would have
been accessible to Cartier before winter, and used by
indigenous peoples of eastern Canada.
Land-based scurvy is well documented as occurring dur-
ing times of food shortages [46]. Late springs and low lev-
els of vitamin C in stored grain contributed to endemics
of sub-clinical scurvy. As for the candidate trees of life,
food would include seeds, buds, inner bark, cambium and
sap of trees. The inner bark of trees was eaten at any time
of the year as an emergency food. The inner bark of hem-
lock was not an adequate famine food on its own if har-
vested outside the spring season [33].
Needles of Abies, Picea, and Pinus spp. have protein con-
tent from 2.5 to 8.8 mg/100 g fresh weight [32]. Arginine,
a dominant amino acid in protein and the physiological
fluids of conifers, was first isolated in Switzerland by
Schulze [47] using seedlings of Picea, Pinus, and Abies spp..
In seeds, arginine can represent 10% of the N in conifer
protein [48]. The sugar, amino acids, and protein content
of Pinus banksiana seeds from different geographic sources
across Canada correlates significantly with climate varia-
bles at the seed source [49]. Expanding spruce buds andPage 5 of 16
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source of amino acids, proteins and nucleic acids [50-56].
Given the statement that "in less than eight days a whole tree
as large and as tall as any I ever saw was used up", lichens,
commonly found on tree trunks and branches, and prob-
ably added many biofactors to the nutrients and vitamins
in the Iroquois decoction. The main edible tree lichen is
Bryoria fremontii [32]. Lichens comprise two types of
plants, an alga and a fungus growing together in a symbi-
otic relationship. Lichens are difficult to digest because of
their complex polysaccharides, which do not break down
during cooking. Some lichens were boiled for 24 h and
eaten only in times of food scarcity and to remove toxic
substances [32].
In general, tree bark only contains traces (0.04 to 0.17%)
of nitrogenous extractives [57,58]. The inner bark of
loblolly pine, felled in December at Gulfport, Mississippi
in a much warmer climate than Quebec City, was domi-
nated by the amides (glutamine and asparagine), their
dicarboxylic acids, and alanine [59]. As for compounds
not containing nitrogen in conifer bark, the bioflavonoids
and proanthocyanidins are constituents that have been
commonly found in medicines. The Algonquin in Quebec
used decoctions from Pinus strobus to treat breathing dis-
orders, rheumatism, and kidney disorders [33]. Picea spp.
were used by the Iroquois to treat respiratory ailments,
urinary problems as a poultice for blood poisoning [33].
The boiled decoction that cured scurvy was prepared from
the bark and leaves of ten or twelve branches. The dregs,
which were put on legs, would contain many factors as a
salve. In a 20 kg bulk extract from white spruce, the boiled
extractives contained at least nine compounds which were
weakly reactive with the Sakaguchi reagent for the guanid-
ino group (unpublished data). A total ion chromatogram,
mass spectral data, the molecular weight of species in the
extract, and a list of their putative elemental composition,
revealed several yet unidentified N-containing com-
pounds and polymers having very high molecular
weights, one of which had 220 Da subunits.
During a sabbatical at the University of Quebec, Dr. J.
Masquelier read Jacques Cartier's account and this turned
his attention to the antioxidant proanthocyanidins of
conifer bark [60]. He referred to proanthocyanidins as
pycnogenols. Pycnogenol® is now a patented trade name
for a water extract of the bark of the maritime pine (Pinus
pinaster) commonly grown in the coastal southwest of
France. The trade name refers to a specific proprietary pine
bark extract with proanthrocyanidins (procyanidins)
from Pinus maritima. The procyanidins scavenge free radi-
cals and modulate NO metabolism [61]. They are capable
of preventing the oxidation of vitamin C and are more
effective than vitamin E in scavenging damaging free rad-
icals. Considerable literature now exists on the health
benefits of the procyanidins when taken as supplements.
As of 2008, the National Institutes of Health in the USA
were carrying out clinical trials of pycnogenol for the treat-
ment of lymphedema, endothelial function in coronary
heart disease, hypertension and diabetes.
Herbal remedies from eastern Canadian conifers contain
salicylates, astringent tannins, polyacetylenes, antibacte-
rial alkaloids, anti-inflammatory terpenes [33,62,63].
Recognizing Thuja occidentalis as the "tree of life", Felter
[64] described its medicinal uses in American therapy. He
recommended extractives in the form of aqueous, non-
alcoholic, ointment and oil preparations.
Indigenous peoples have employed Taxus spp. for their
utility, wood quality, mythology and medicines [65].
Decoctions were used to treat fever, scurvy, and to bring
out clots and alleviate pain after childbirth.Taxus spp. con-
tain more than 300 taxanes (taxoids) some of which are
poisons, and others have significant physiological effects
[66]. Today, the most well known taxane is paclitaxel
(Taxol®). It blocks cellular growth by binding to microtu-
bules. This property makes it useful for the treatment of
various cancers, but with side effects. Taxane-like com-
pounds were detected in spruce and other conifers using
antibodies to the taxane ring [23,67,68]. The recovery of
paclitaxel and the taxanes from Taxus biomass was
increased by mechanical stresses which elicit NO produc-
tion from arginine [22,23]. Product recovery was reduced
by adding a synthetic guanidino inhibitor of NOS. We
now return to arginine and other amino acids, which are
important in human nutrition and serve as substrates
required for the vitamin C-dependent synthesis of colla-
gen in the cure for scurvy.
Arginine and amino acids in overwintering conifers
The seasonal changes in the amino acid composition of
conifers represent a tropistic adaptation to environmental
changes which prepare trees for dormancy and survival
over long and severe winters. Winter decoctions, used by
the Iroquois, would have contained the conditionally
essential arginine and the essential amino acids required
in the human diet. The physiological fluids of Picea glauca
buds and shoots during a severe winter at Petawawa (45°
08' N, 81° 27' W) and similar in latitude to Quebec City
were found to contain between150 to 200 mg amino acid
N per 100 g fresh weight [8].
When the first snow appeared in November, the percent
contribution of arginine N to the total soluble amino acid
N increased from 20 to 45%. It was 40–53% in December.
In January and February the shoots became ice-covered
and the temperatures averaged -16 C. Arginine N nowPage 6 of 16
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amino acid N, respectively. Levels of glutamine N always
remained low, but increased significantly when buds
expanded in spring. Proline N, which is derived from
arginine, varied between 3 to 5% (November), 4 to 6%
(December), 4 to 7% (January), and 8–13% (February).
From November to February, the concentrations in mg of
the nine amino acids, essential in human nutrition, and
recovered from the physiological fluids of 100 g fresh nee-
dles from shoots at 4 to 5 feet were: phenylalanine (0.5–
1.5), leucine (0.4–1.6), isoleucine (0.4–1.0), valine (0.5–
1.5), lysine (0.7–1.5), threonine (0.9–1.3), methionine,
tryptophan, and histidine (each 0.01). Arginine, ranged
between 16.0–21.0 mg/100 g fresh weight. The seasonal
trends in amino acid content were reaffirmed with excised
dormant buds forced to sprout under aseptic conditions
in the laboratory [69]. Tissue and bark compositions can
vary due to differences in age of tissues in trees, environ-
mental stresses, time of day, and the availability of N from
the environment [7,52,53,69-71]. With white spruce sap-
lings, when ammonium is the sole source of N in sand
cultures, arginine and guanidino compounds are major
components of the total soluble N but not when nitrate is
the sole source of N [72,73].
Isotopic tracers are phenotyping tools in metabolism and
a cornerstone in nutritional science. In white spruce, [UL-
14C]-L-arginine serves as a precursor for proline via orni-
thine [8,9]. Feeding [UL-C14]-L-proline and [UL-14C]-L-
glutamine to winter dormant buds revealed traces of 14C-
glutamic-γ-semialdehyde and 14C-Δ1-pyrroline-5-carboxy-
lic acid [73]. These intermediates are highly transient pre-
cursors for the synthesis of proline, glutamic acid and
glutamine. Free hydroxyproline is not found in the physi-
ological fluids unless the tissues are pathological. 14C-Pro-
line and 14C-hydroxyproline residues were recovered from
protein hydrolysate indicating that proline was hydroxy-
lated to hydroxyproline in spruce protein. L-Proline-4-3H
incorporation into protein was also observed with seed-
lings of Pinus banksiana [54]. In humans, proline and
hydroxyproline obtained from conifer buds and seedlings
would be available for the vitamin C-dependent synthesis
of collagen.
The metabolic pathways, cycles, and enzymes responsible
for arginine metabolism in conifers are summarized in
Figure 1. [UL-14C]-L-arginine and [carbamoyl-14C]-L-cit-
rulline fed to pines and spruces revealed that arginine was
synthesized via the intermediate steps of the urea (orni-
thine) cycle [74-80]. Arginine serves as a pivotal departure
point from the urea cycle for the synthesis of urea and
ornithine via arginase, and for proline, glutamate and
glutamine. It is a substrate for the formation of NO and
citrulline via NOS, and for the guanidino compounds and
in protein synthesis. Arginase has been purified from con-
ifers [81].
During rapid growth, the fates of 14C-urea and tritiated
water in white spruce and jack pine tissues were a function
of light availability [78,79]. In light and darkness, urea
was degraded by urease to ammonia and carbon dioxide.
In light, the 14C-carbon dioxide, derived from urea, was
reassimilated by photosynthesis and incorporated ini-
tially into alanine and glutamic acid. In darkness, ammo-
nia and 14C-carbon dioxide contributed to the formation
of carbamoyl phosphate for the biosynthesis of arginine
and other metabolites [80]. In winter dormant tissues,
these metabolic steps were latent and difficult to detect.
Most of the N in the physiological fluids was stored in
arginine and the guanidino compounds.
Amino acids are water soluble at high temperatures [82]
and most would be stable in boiled decoctions. Depend-
ing on pH, boiling may reduce the levels of glutamic acid
due to its conversion to pyroglutamic acid. Vitamin C is
readily available in fresh tissues even in winter. Its concen-
tration usually increases during the spring growing season
[33].
The food processing industry has demonstrated that the
largest losses of vitamin C in foods occur during heating
[17]. We do not know if the "juice and sappe of the leaves"
from Annedda were obtained without boiling and taken
by Domagaia. Fresh conifer leaves can be chewed right off
a branch provided that scurvy would prevent him from
doing this. Chewing or crushing the leaves would release
NO from the conifer cells (Figure 2). The decoction from
Annedda, took every other day, provided the needed
warmth as a protection from cold, sufficient vitamin C,
various biofactors, the essential amino acids, and the con-
ditionally essential arginine, which would provide N for
the synthesis of NO in the wasting sailors.
Arginine as a source of nitric oxide in conifers
The first report of NO production from arginine in a con-
ifer was provided by Magalhaes et al. [83]. Using a dye
(Figure 2), bursts of NO were visually detected when cells
were wounded or exposed to a variety of and biotic and
abiotic stresses [22,23]. NO is synthesized by NOS in the
L-arginine-NO pathway. The pathway comprises a citrul-
line/NO cycle (Figure 1). A citric acid cycle, not shown in
Figure 1, provides aspartate N via fumarate, malate, and
oxaloacetate for the synthesis of L-argininosuccinate from
citrulline.
Plants and animals synthesize NO and citrulline from
arginine and oxygen as substrates [22,23,84,85]. The ami-
dine N of the guanidino moiety of arginine is the source
of the N in NO. Citrulline is recycled back to arginine viaPage 7 of 16
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acterized and is a different enzyme from the NOSs in
humans [84,85]. Atypical of most conifers, the shoots of
seedlings of Cryptomeria japonica have high levels of citrul-
line rather than arginine [86].
In conifers, low and protective levels of NO are rapidly
produced in response to mechanical forces, environmen-
tal stresses, wounding, and as a protective measure against
insects and diseases [22,23,85,87-90]. NO activates sec-
ond messengers which participate in protein phosphor-
ylation, nitrosylation, gene expression, development, and
in expressions of adaptive plasticity. NO contributes to
developmentally programmed cell death (apoptosis) and
autophagy. This is demonstrated in the death of one of the
four megaspore cells after meiosis, and again in monozy-
gotic cleavage polyembryony of early embryos found in
developing seeds [91,92]. High levels of NO damage DNA
and lead to the nitration of the tyrosine residues in cell
regulatory proteins [88,89]. NO bursts are produced
before the release of ethylene, a plant hormone which is
associated with senescence and fruit ripening [93].
Arginine metabolism, the partial reactions of the urea cycle, the L-arginine-NO pathway, a citrulline-NO cycle, and a branch point leading to the formation of guanidino compounds with special refer nce to conifers in eastern CanadaFigur  1
Arginine metabolism, the partial reactions of the urea cycle, the L-arginine-NO pathway, a citrulline-NO 
cycle, and a branch point leading to the formation of guanidino compounds with special reference to conifers 
in eastern Canada. Enzymes: 1. ornithine carbamoyl transferase, 2. argininosuccinate synthetase, 3. argininosuccinate 
lyase,4. arginase, 5. nitric oxide synthase, 6. arginine deiminase, 7. arginine decarboxylase, 8. numerous enzymes acting on 
arginine and responsible for the formation of guanidino compounds. Reactions 1 to 4 comprise the partial reactions of the 
urea cycle in plants. Not shown is the synthesis and turnover of proteins which alters the pool of available arginine and other 
protein amino acids. Reactions 2, 3, and 5 comprise the L-arginine-NO pathway and the citrulline-NO cycle, which are 
responsible for the stress-induced formation of NO from arginine and oxygen. 6. Arginine deiminase is not yet known in coni-
fers but has been reported in other plants. Steps 7 and 8 remove arginine from the urea and citrulline-NO cycles and divert N 
into the naturally occurring guanidino compounds some of which are inhibitors of respiration. During the onset of winter dor-
mancy, arginine N, the guanidino compounds and proline N accumulate in the physiological fluids. Arginine is stored in reserve 
proteins to provide N for amino acid, amide, and renewed protein and nucleic acid synthesis in the spring. The conversion of 
proline to glutamine via glutamic acid now provides transferable hydrogen atoms making proline a readily available and highly-
water soluble source of energy and reducing power for the photosynthetic assimilation of carbon dioxide.Page 8 of 16
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lutionary advance in gymnosperms before angiosperms
and humans evolved. Recognition of the natural and syn-
thetic guanidino compounds as inhibitors of NOS was
facilitated by the availability of authentic standards, iso-
topic tracers, and by the development of new analytical
instrumentation [94-96].
Guanidino compounds derived from arginine in conifers
An important physiological property of the guanidino
group is its ability to form a bond of high energy with
phosphate. This phosphate can be transferred, without
the loss of bond energy, to couple and provide energy for
biochemical and mechanical processes [10]. Guanidines
with the high energy bond are called phosphagens, e.g.,
N-phosphorylarginine. Phosphagens are vital for the sus-
tained action of muscles in many invertebrates and some
vertebrates. N-phosphorylarginine was reported in jack
pine cell cultures [97,98] and in developmental stages in
the eastern spruce budworm which feeds on conifer nee-
dles [99,100].
In humans, a guanidino-amino acid, creatine is the pre-
cursor for phosphocreatine, which serves as the phos-
phagen and energy buffer [10]. Creatine is synthesized
from glycine and receives its guanidino group from
arginine. I could find no evidence in spruce buds for the
synthesis of creatine from 14C-glycine and [1-14C]-guanid-
inoacetic acid. Guanidinoacetic acid inhibited oxygen
uptake and yielded 14CO2, 14C-glycine and 14C-serine. The
transamidination of [1-14C]-guanidinoacetic acid with
glycine yielded guanidinoacetic acid and 14C-glycine. This
transamidination occurred as arginine-rich storage pro-
teins in spruce buds were being turned over with a respi-
ratory quotient less than one.
In spruce and pine, γ-guanidinobutyric acid is commonly
reported as a product of arginine metabolism
[8,9,42,101,102]. The detection of α-keto-δ-guanidinova-
leric acid in white spruce suggested that the transamina-
tion of arginine with a keto acid followed by
decarboxylation would account for the formation of γ-
guanidinobutyric acid [103]. In general, the naturally
occurring guanidino compounds are derived by decarbox-
ylation, transamidination, transamination, condensation,
methylation, phosphorylation, cyclization, and by dehy-
drogenase activity [104,105].
In the Petawawa forest and after four years of growth in
continuous full, 45, 25, and 13% natural light, shade-tol-
erant white spruce saplings redistributed their biomass
before the onset of winter dormancy [71]. A spruce sap-
ling requires at least 20% light to survive. Increased shad-
ing diverted soluble N from glutamate, glutamine, and
aspartic acid to arginine N mainly in roots and to a lesser
extent in stems, buds, and needles. γ-Guandinobutyric
acid and several unidentified guanidino compounds accu-
mulated mostly in roots of saplings at 25 and 13% light
[unpublished data]. Arginine and the guanidino com-
pounds comprise a N-rich metabolic pathway that helps
to account for the ability of conifers to adapt and survive
under limiting environmental conditions. Their impor-
tance in the food and medicinal practices and as markers
of the inappropriate release of NO of the indigenous peo-
ples, requires further investigation. Their role as regulators
of NOS would depend on being closely related to the
structure of arginine and their ability to bind to NOS.
Nutritional support in treating scurvy and critical illness
The purpose of nutritional support is to save life, preserve
and improve cellular function, and to speed recovery.
Critical illness is generally characterized by a combination
of starvation and stress. Critical illness can be viewed in
four stages [12]: 1. Acute critical illness in response to a
stressor. 2. Prolonged acute critical illness. 3. Chronic crit-
ical illness. 4. Recovery.
In the first stage, substrates are shunted away from anab-
olism and toward vital organ support and inflammatory
proteins. Nutritional support at this stage remains
unproven and may ultimately become detrimental. At
The production and diffusion of nitric oxide (NO) (white) in the cyt plasm (green) of clusters of onifer cells one our aft r mechanical agitati nFigure 2
The production and diffusion of nitric oxide (NO) 
(white) in the cytoplasm (green) of clusters of conifer 
cells one hour after mechanical agitation. NO diffuses 
into the culture medium around cell clusters. The large dark 
green circle inside each cell is the nucleus. Some nuclei may 
contain a nucleolus (light green). The small and irregular dark 
areas outside the nucleus and in the cytoplasm represent the 
vacuoles (laser confocal photomicrograph ×400). NO was 
visualized with a fluorescent probe DAF-2 DA (diaminofluo-
rescein diacetate). NO is derived from L-arginine and oxygen 
by nitric oxide synthase (NOS) activity in conifers and 
humans. NOS activity and the production of NO in the coni-
fer cells is blocked by Nω-monomethyl-L-arginine.Page 9 of 16
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treat multiple organ dysfunction syndromes become very
important. This must be maintained to prevent the defi-
ciency of water-soluble vitamins. Care must be taken not
to do harm by inappropriate overfeeding. At Stadaconna,
the prescribed remedy of taking the Iroquois decoction
"every other day" was consistent with this purpose.
The best-understood function of vitamin C is in the syn-
thesis of collagen [10]. Ascorbate is required for the
hydroxylation of proline residues in procollagen. Procol-
lagen is secreted by fibroblasts as a complex of three cross-
linked polypeptide chains. Cross-linking requires the for-
mation of covalent bonds between lysine residues. The
hydroxylation of proline to hydroxyproline stabilizes the
triple helix structure of collagen. This contributes to the
formation of fibers, which can take several months, fol-
lowed by scar formation, wound contraction and healing
[106].
Collagen subunits contain a prolyl 4-hydroxylase with
one atom of non-heme iron [10]. This enzyme requires α-
ketoglutarate and oxygen as substrates. The α-ketoglutar-
ate is oxidatively decarboxylated to carbon dioxide and
succinate. A remaining oxygen atom is used to hydroxy-
late the proline residue in collagen. Heme iron is now oxi-
dized to inactivate the enzyme.
Vitamin C deficiency leads to decreased collagen secretion
due to capillary fragility. This is associated with defective
connective tissues, poor wound healing, and susceptibil-
ity to sepsis.
The synthesis of NO by a heme-containing NOS would
increase the circulation of oxygen supply in blood. The
lack of vitamin C reduces the hydroxylation reactions
needed for the synthesis of carnitine from lysine, and for
the hydroxylation of dopamine to norepinephrine. The
oxidation of tetrahydrofolic acid, which maintains ade-
quate levels of folic acid and keeps iron in its reduced
state, would be prevented [10].
Vitamin C has nutritional value as a co-antioxidant by
interacting with vitamin E [107]. In the prevention of dis-
ease, intervention studies with vitamin C as an antioxi-
dant have shown no clinical benefit [108]. Arginine
supplementation and the availability of other amino
acids, such as proline and glutamate, would spare the
energy costs in ATP equivalents for their synthesis as sub-
strates for collagen, and other proteins in the body [109].
In the winter, the Iroquois hunted a 'number of wild ani-
mals such as fawns, stags, and bears, hares, martens, foxes,
otters, and others" but they were stingy and brought
Cartier's crew very few. The ice was extremely thick and
the sailors were too weak to fish. They would not be seri-
ously deficient in arginine as long as some meat and fish
were available. Proteins are graded by "quality" on the
basis of their content of essential amino acids [110], and
arginine is conditionally essential. Intakes of 1 to 1.5 g
protein (0.16 to 0.24 g N)/dg per d are common practice
and usually advised.
In healthy adults, arginine is derived from the diet, endog-
enous synthesis, and turnover of body proteins. Arginine
is usually ingested in diets at a rate of 3 to 5 g/d [111]. A
common supplemental dose for arginine is 3 g which is
taken by mouth three times a day [13,14]
A kilogram of fresh spruce needles would contain 120 to
160 mg of free arginine N. More arginine would be avail-
able if the arginine-rich storage proteins of conifers were
digested. Protein, ingested in amounts exceeding those
needed to replace body losses, is deaminated. Its nitrogen
is excreted as urea in urine [110].
In cases of catabolic stress or conditions involving a dys-
function of the kidneys or small intestine, the endogenous
synthesis of arginine may not meet metabolic demands
[20]. The availability of arginine for metabolic functions
is determined by its transporters in the plasma and mito-
chondrial membranes. During critical illness, gastric emp-
tying would be delayed and small intestinal and colonic
motility reduced [11]. The rate-controlling enzymes in
arginine synthesis and catabolism are argininosuccinate
synthase, arginase isozymes, NOS, arginine decarboxylase
[19]. Control is expressed according to cell type, age devel-
opmental stage, diet, and state of health and disease.
Four enzymes use arginine as a substrate: arginine decar-
boxylase, arginine:glycine amidinotransferase, arginase
and its isoforms, and NOS [19-21]. The main products of
the four enzymes are agmatine, guanidinoacetate and
ornithine, ornithine and urea, and NO and citrulline.
Arginine-derived guanidinoacetate is the immediate pre-
cursor for creatine, which maintains the energy metabo-
lism of muscle, nerve and testis [112]. Creatine breaks
down to creatinine at a constant rate and is cleared from
the body by the kidneys.
In severe scurvy and in syndromes having pathological
consequences, the correction of arginine deficiency could
become a clinical priority. In critically ill patients,
arginine maintains body homeostasis, muscle mass and
function, and catabolic states [13,20]. It triggers the body
to make protein, prevents the wasting, and is used in the
management of wounds in the lower extremities [113].
Infectious complications become a serious problem
[113,114]. Host invasion triggers an intense inflamma-
tory response, which is then amplified by further pro-Page 10 of 16
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ized by the rapid development of multiple organ failure
resulting in mortality in excess of 40%. Dietary arginine
supplementation helps to restore its plasma concentra-
tions, boosts the immune system and helps to reduce neu-
ropathy.
Clinical trials have used immune-enhancing enteral feeds
that combine arginine with anti-inflammatory fatty acids,
antioxidants, glutamine, and nucleotides. Glutamine has
a potential beneficial metabolic effect in the critically ill
[11], and in the treatment of infections in trauma patients
[115]. Glutamine is the principal fuel of enterocytes and
lymphocytes. While doubt has been raised as to the value
of arginine supplementation [11], due to the lack of its
exact role in the regulation of immune functions [111],
the European Society of Parenteral and Enteral Nutrition
has published guidelines recommending the routine use
of arginine-containing diets in surgical patients [116]. An
analysis of clinical studies using enteral formulas supple-
mented with arginine has suggested benefits upon out-
comes from chronic and critical illness with little or no
evidence of significant detrimental effects [117].
Today, vitamin and amino acid supplements have gained
popularity as preventive or therapeutic agents. The exces-
sive intake of high levels of a single amino acid or biofac-
tor may be hazardous because of its potential for toxicity
and control over genetic expressions. The effects of nutri-
ents on gene expression are referred to as "nutrigenomics'.
The study of the selective effects of arginine on gene
expression is called 'argenomics'[19].
Did nitric oxide aid in the recovery from scurvy?
While we may never know the answer to this question, the
discovery of the significance of NO in the human body
remains as one of the most important developments in
recent medical history. In 1987, NO production from
arginine was first identified in endothelial cells [118]. NO
is a gas that transmits signals that are produced by one
cell, penetrates through membranes, and regulates the
function of another cell in humans and conifers (Figure
2). A recovery from scurvy involving NO occurs as a series
of events over time. No model yet exists which integrates
nutrition with vitamin C and NO in the Iroquois cure for
scurvy.
In the severe winter at Stadaconna, the exposure of
Cartier's crew to cold, poor diet, and insufficient vitamin
C, would have benefited from the nutritional values of
supplemental arginine, amino acids, and antioxidants.
Boreal conifers lack nitrate because acid forest soils are
poor in N and tissues contain little nitrate in the absence
of fertilizers [7]. Nitrates and nitrites in the decoction
would not have been available for their conversion to NO
by the acidic gastric juice in the stomach. Readily available
free arginine remains the main N source for NO which
would kill almost all bacteria that were swallowed with
food.
In clinical medicine and pharmacology, NO is a factor in
treating intensive care patients [11-13,15,18,110,111]. In
tissues, it regulates oxygen release from red blood cells.
NO protects the heart, stimulates the brain, and regulates
inflammation. It improves blood circulation for the pro-
vision of essential amino acids, antioxidants and vitamins
to tissues. NO is important for olfactory function and
memory. White blood cells use NO to kill infectious bac-
teria, fungi and parasites. It defends against tumors by
inducing apoptosis. Dosage is critical since NO can be
toxic at high concentrations.
Levels of vitamin C were depleted during the severely cold
winter. The mitochondria, being the responsible subcellu-
lar organelles for the oxidation of dietary and remaining
stored fat, would generate almost all of the energy needed
by humans. The oxidation of arginine to NO and citrul-
line is exothermic and occurs in mitochondria. Shivering
generates body heat from muscles. Mitochondria generate
most of the ATP that provides the energy for metabolism
to occur.
In tissues that consume ATP rapidly, such as brain, and
skeletal and smooth muscle, phosphocreatine serves as an
energy reservoir for the rapid regeneration of ATP [112].
Mitochondrial creatine kinase produces ATP from ADP by
converting creatine phosphate to creatine in the mito-
chondrial intermembrane space. Creatine kinase is rou-
tinely determined in emergency patients because its
elevated activity is an indication of damage to muscles,
renal failure, and myocardial infarction. The oxidative
reactions in mitochondria are also a major source of
potentially damaging oxygen free radicals. Reactions with
NO can remove these radicals, and stimulate the forma-
tion of new and larger mitochondria [119], which in turn
would improve body bioenergetics.
Arginine is metabolized via mitochondria and in the
cytosol via the urea cycle [10] (Figure 1). The cytosol
makes up the cytoplasm of cells. It contains thousands of
enzymes. Some act synergistically with vitamin C to pro-
vide a cure for scurvy and others aid in the recovery to
health. NO, formed by the turnover of body proteins and
supplemented by arginine from the decoction would
reduce excessive stress, provide a targeted redistribution of
energy resources to the vital organs, and activate a series of
early and late-expressing genes as the body recovers. At the
recovery stage, NO would participate in the maintenance
of long-term health.Page 11 of 16
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circulation by the small intestine, and carried to collagen-
rich cells throughout the body. Endothelial cells, which
make up the capillaries and line blood vessels and the
lymph ducts, use arginine to make NO. NO diffuses into
the smooth muscle cells that surround the endothelial lin-
ing of blood vessels. This leads to muscle relaxation result-
ing in more blood flow to tissues, brain, lungs, kidneys,
liver and other vital organs. Blood pressure is lowered.
Blood flow and blood vessel diameter are improved, and
the formation of blood clots would be reduced and
repaired. The improvement of heart function would allow
more oxygen, nutrients, vitamins, and amino acids to aid
in the recovery from scurvy.
Improved circulation would relieve tension, sore muscles,
the pain caused by swelling, and the accumulation of
excess fluids in Cartier's crew and in Domagaia's legs.
Wound healing would increase and mineral depletion
would be reduced. NO is an important regulator in
immune cells which fight infections and viruses. It aids in
the killing of bacteria and engulfed pathogens found
within the lysosomes of macrophages, which remove
harmful cellular debris and dead cells. NO is a scavenger
for cytotoxic free radicals that contribute to aging. NO,
being involved in the transmission of messages between
nerve cells connected with memory, sleeping and learning
would support the wellness of sailors for their return to
France.
Human NOS has three distinct isoforms having a multi-
tude of organ-specific regulatory functions [18,19,21]. A
constitutive form (nNOS) is found in neural tissue, and a
second constitutive form (eNOS) is found in the vascular
endothelium. Both are regulated by calcium and calmod-
ulin. A third calcium-independent form (iNOS) occurs in
a variety of cells after induction with inflammatory medi-
ators and bacterial products. During inflammation,
arginine transport increases [19]. The activation of iNOS
or arginase, or both, reflects the type of inflammatory
response in the development of specific diseases [111].
Sepsis, which occurred in Cartier's critically ill crew, prob-
ably involved a predominant role for arginine and iNOS
[117]. Septic shock is a life threatening complication that
can have a mortality rate of 50 to 80%. Trauma exhibits a
preferential induction of arginase [111]. Arginase would
reduce the arginine available as a substrate for NOS.
The formation of S-nitrosothiols provides a different
mode of transporting NO, offers a buffering system that
regulates the bioavailability of NO, and increases the
range of NO action [120]. In plants and humans,
glutamine serves as an antioxidant by enhancing the levels
of glutathione resulting in the formation of S-nitrosoglu-
tathione [11,22,121]. Some S-nitrosothiols (S-nitroso-
cysteine, S-nitrosohomocysteine) are taken up into cells
via the amino acid transport system. S-Nitrosothiols are
being considered as exogenous sources of NO for the
treatment of NO-deficient pathological states. They are
cleared to ameliorate nitrosative stress. They regulate
innate immune and vascular function. S-nitrosylation
may also contribute to the posttranslational modification
of proteins involved in the regulation of NO action and in
the recovery from scurvy. The nitrosylation of cysteine thi-
ols is recognized as critical for the mechanism of NO func-
tion in health and disease.
Without clinical trials, it is not clear how quickly Cartier's
crew would have recovered if given only vitamin C. It is
evident that the decoction with vitamin C, arginine, the
essential amino acids, antioxidants and other unidenti-
fied biofactors integrated with NO production in the body
and aided in the recovery from scurvy.
Guanidino compounds as NOS regulators and metabolic 
markers
The inappropriate release of NO is linked to the pathogen-
esis of a number of disease states. High levels of NO inter-
act with molecular oxygen and superoxide radicals to
produce damaging peroxynitrite that modifies proteins,
lipids, and nucleic acids with harmful effects [122,123].
The need to regulate NO production has led to the devel-
opment of modulators and inhibitors of NOS activity
[18,21,122-125]. L-arginine analogues have the advan-
tage of being closely related to the substrate itself and may
be taken up by amino acid transporters. The guanidino
compounds that interfere with the binding of arginine to
NOS have been the most extensively researched as drugs
[21].
In general, guanidino-substituted L-arginine molecules
are effective but they show little selectivity for the NOS
isoforms. Nω-Methylations of the guanidino moiety of L-
arginine have yielded potent NOS inhibitors [21]. Their
use in treating septic shock provided hemodynamic stabi-
lization in a large number of patients. While Nω-methyl-
ated guanidino compounds have not yet been identified
in conifers, they effectively inhibit NOS activity when fed
to a variety of conifers [22,23,83,88,89]. L-arginine ana-
logues with substitutions on their carbon chains, and
lacking the α-amino group or α-carboxyl groups are inac-
tive as inhibitors and as substrates for NOS. These include
guanidinoacetic and γ-guanidobutyric acid.
Reviews of the physiological effects of natural and syn-
thetic guanidino compounds in research and clinical prac-
tice are available in several books [126-128]. Among the
known guanidino compounds in conifers, α-keto-δ-gua-
nidinobutyric acid and γ-guanidinobutyric acid are found
in nerve tissues [129] and in the urine of hyperarginemicPage 12 of 16
(page number not for citation purposes)
Journal of Ethnobiology and Ethnomedicine 2009, 5:5 http://www.ethnobiomed.com/content/5/1/5patients [130]. Agmatine, a decarboxylation product of
arginine, which occurs in conifers, has various pharmaco-
logical effects, but little is known about its metabolism
and human physiology [19,20].
Guanidino compounds have been used as respiratory
inhibitors, antibiotics, markers for metabolic disorders,
and in studies of cardiovascular diseases, diabetes, and
microbial activity [102,126-128]. Markers carry informa-
tion about the sites and pathological cause. In uremia,
guanidine, guanidinosuccinic acid and creatinine are
greatly increased in biological fluids and tissues [131].
Guanidino compounds are implicated in hypertension,
anaesthesia, hemorrhagic shock, seizure, renal dysfunc-
tion, and immersion stress [132]. γ-Guanidinobutyric
acid reacts with hydroxyl radicals and induces epileptic
discharges [127]. Its transamidination precursors are γ-
aminobutyric acid and arginine [129].
Guanidine and the guanidino compounds have been used
to treat botulism, viral diseases, diabetes, and paraneo-
plastic syndromes [132]. Evidence for mechanisms of
action, dosing, pharmokinetics, cautions, interactions and
clinical applications remains preliminary. Synthetic gua-
nidino compounds are used in the treatment of diabetes
[15]. Type II diabetes is one of the most serious health
problems for Native Americans in the USA [133]. Pharma-
cogenetic differences, which diminish or enhance the pre-
dicted response, would indicate an inherited defect [107].
The surprisingly wide and natural diversity of chemically
identified guanidino compounds in nature [134] may yet
offer new biofactors and drugs in understanding ethnom-
edicine, in treating diseases, and for their contribution to
regimens for human wellness.
Conclusion
The history of the native indigenous peoples of eastern
Canada has provided evidence of a culture strong enough
to withstand the most difficult hardships. Their conifer-
ous forests have had a pervasive influence on offering a
source of food, fibre, protection, and medicinal products
for human survival. In the absence of forensic evidence
and apart from being a source of vitamin C, the formulary
nature of the decoctions from Annedda to cure scurvy and
hasten the recovery of the sailors is a story that may never
be completely solved nor will it end here. We do not really
know the true identity of Annedda. This tree, known
today as arborvitae, has subsequently been represented by
many candidate coniferous trees of life.
When food was short and the winter most severe, the can-
didate trees of life in eastern Canada provided a source of
vitamins, arginine, proline, other conditionally and essen-
tial amino acids, antioxidants, and other biofactors,
which aided in the recovery from of scurvy. The discovery
of vitamins and amino acids played an important role in
understanding human nutrition. For the discovery of the
importance of arginine-derived NO in clinical nutrition
we are indebted to the investigators who were honoured
by the Nobel Prize in 1998.
After the transfer of the tree of life to France, old principles
were now viewed in new ways. Jean Fernel (1497–1558),
a foremost figure in the French Renaissance of science and
medicine, broke away from the irrationality of occultism
and magic that had dominated medieval natural philoso-
phy and medicine [135]. His treatises on "Physiologia",
first published in 1542, created debate in Europe for the
next 100 years, and laid the "seeds of systems biol-
ogy"[136]. To learn from history, we must transform it
into a science.
Clinical nutrition is now faced with a vast amount of data
from the ethnobotanical and ethnomedical literature. The
detailed interdisciplinary and systematic understanding
of the complex interactions among anatomy, histology,
pathology, neurology, nutrition, and metabolism repre-
sents a modern-day challenge. The genetic loci of many
controlling quantitative traits have been identified and are
being compared in ill and healthy individuals [137-139].
Through genomics, argenomics, nutrigenomics, and other
"omics" technologies, we expect to have a better under-
standing of how the control of complex traits would aid
the recovery from sickness and diseases [19]. Integrated
databases are being developed to describe the toxological,
pharmaceutical, nutritional and environmental effects of
diets and drugs on disease [140-143].
The history of medicine and clinical practice has involved
a succession of blind alleys and detours, mountains of
often uninterpretable observations, and a great leap for-
ward as in the discovery of vitamin C as a cure for scurvy.
This review takes us centuries back, and turns our atten-
tion to the combined values of arginine, NO, proline,
other conditionally and essential amino acids, guanidino
compounds, and antioxidants as added factors in the food
and medicines of indigenous Canadian peoples.
Competing interests
The author declares that they have no competing interests.
Acknowledgements
The author in indebted to Mary Moore (1978) at Petawawa regarding the 
identity of Annedda. W. B. Stewart (1976) at Fredricton NB, G. DuLong 
(1977) at Quebec, and Kat Anderson at Davis (2008) provided manuscripts 
and references on food sources, medicines and cures used by indigenous 
peoples in eastern Canada. Research cited in this review was supported by 
the Canadian Forestry Service (1966 to 1972) at Petawawa and Ottawa, by 
the University of California's McIntyre-Stennis funds (1990 to 1993) for 
analytical work with guanidino compounds, and NASA (NG 9–825) (1996–
1998) for the research on NO and paclitaxel in simulated microgravity.Page 13 of 16
(page number not for citation purposes)
Journal of Ethnobiology and Ethnomedicine 2009, 5:5 http://www.ethnobiomed.com/content/5/1/5References
1. Burrage HS, Ed: Early English and French Voyages, from Hakluyt 1534–
1608 New York: Barnes and Noble; 1906. 
2. Rousseau J: L'Annedda et l'arbre de vie.  Revue d'Histoire L'Amer-
ique Française 1954, VIII(2):171-212.
3. Van Wart AF: The Indians of the Maritime provinces, their dis-
eases and native cures.  Canadian Medical Association Journal 1948,
59:573-577.
4. Durant W, Durant A: The Story of Civilization New York: Simon and
Schuster; 1961.  Part VI The Reformation. Part VII. The Age of Reason
Begins. New York: Simon and Schuster;
5. Spary EC: Utopia's Garden. French Natural History From Old Regime to
Revolution Chicago: University of Chicago Press; 2000. 
6. Moore MI: Eastern white pine and eastern white cedar.  Forestry
Chronicle 1978, 54:222-223.
7. Durzan DJ, Steward FC: Nitrogen metabolism.  In Plant Physiology:
An Advanced Treatise Volume VIII. Edited by: Steward FC, Bidwell RGS.
New York; Academic Press; 1983:255-265. 
8. Durzan DJ: Nitrogen metabolism of Picea glauca. I. Seasonal
changes of free amino acids in buds, shoot apices and leaves,
and the metabolism of uniformly labeled 14C-L-arginine by
buds during the onset of dormancy.  Canadian Journal Botany
1968, 46:909-919.
9. Durzan DJ: Nitrogen metabolism of Picea glauca. IV. Metabo-
lism of uniformly labeled 14C-L-arginine, [carbamyl-14C]-L-
citrulline, and [1,2,3,4-14C]-γ-guanidinobutyric acid during
diurnal changes in the soluble and protein nitrogen associ-
ated with the onset of expansion of spruce buds.  Canadian Jour-
nal Biochemistry 1969, 47:771-783.
10. Nelson DL, Cox MM: Principles of Biochemistry 5th edition. New York:
WH Freeman; 2008. 
11. Powell-Tuck J: Nutritional interventions in critical illness.  Pro-
ceedings Nutrition Society 2007, 66:16-24.
12. Hollander JM, Mechanick JI: Nutrition support and the chronic
illness syndrome.  Nutrition in Clinical Practice 2006, 21:587-604.
13. Appleton J: Arginine: clinical potential of a semi-essential
amino acid.  Alternative Medicine Review 2002, 7:512-222.
14. MayoClinic: Drugs and Supplements.  2008 [http://www.mayo
clinic.com/health/1-arginine/NS-patient-arginine].
15. McPhee SJ, Papadakis MA: Current Medical Diagnosis and Treatment
New York: McGraw-Hill; 2007:1301. 
16. Block G, Manels AR, Patterson BH, Levander OA, Norkus EP, Taylor
PR: Body weight and prior depletion affect plasma ascorbate
levels attained on identical vitamin C intake: a controlled
diet study.  Journal American College Nutrition 1999, 8:628-637.
17. Tannenbaum SR, Young VR: Vitamins and Minerals.  In Food Chem-
istry Edited by: Fennema OR. New York: Marcel Dekker Inc;
1985:477-544. 
18. Moncada S, Higgs A: The L-arginine-nitric oxide pathway.  New
England Journal of Medicine 1993, 329:2002-2012.
19. Morris SM: Arginine: beyond protein.  American Journal Clinical
Nutrition 2006, 83:5085-5125.
20. Morris SM: Arginine metabolism: Boundaries of our knowl-
edge.  Journal of Nutrition 2007, 137:1620S-1609S.
21. Hobbs AH, Higgs A, Moncada S: Inhibition of nitric oxide syn-
thase as a potential therapeutic agent.  Annual Review Pharmacol-
ogy and Toxicology 1999, 39:191-220.
22. Durzan DJ, Pedroso MC: Nitric oxide and reactive nitrogen
oxide species in plants.  Biotechnology and Genetic Engineering
Reviews 2002, 19:293-337.
23. Durzan DJ: Nitric oxide, cell death and increased taxol recov-
ery.  In Cell biology and Instrumentation: UV Radiation, Nitric Oxide, and
Cell Death in Plants Edited by: Blume Y, Durzan DJ, Smertenko P.
Amsterdam: NATO Advanced Research Workshop, Yalta, Ukraine,
IOS Press; 2006:234-252.  Sept 8–11, 2004
24. Fitzpatrick TB, Johnson A, Wolff K, Suurmond D: Color Atlas and Syn-
opsis of Clinical Dermatology. Common and Serious Diseases New York:
McGraw-Hill; 2001. 
25. Cook R, Ed: The Voyages of Jacques Cartier 1993 [http://
www.nhc.rtrp.nc.us/pds/pds.htm]. Toronto: University of Toronto
Press cf., National Humanities Center
26. Hodges RE: What's new about scurvy?  American Journal Clinical
Nutrition 1971, 24:383-384.
27. Hickel R: Un précurseur en dendrologie, Pierre Belon (1517–
1564).  Bulletin de la Société Dendrologique de France 1924, 51:3-75.
28. Bolle C: Wann erscheint die Weymouthskiefer zuerst in
Europa?  Gartenflora 1890, 39:434-438.
29. Anon: A bit of forgotten history (A review of C. Bolle's arti-
cles).  Garden and Forest. A Journal of Horticulture, Landscape Art and
Forestry 1890, III:536. (Cited by [5]).
30. Houston CS: Notes et dossiers de recherche. Scurvy and
Canadian exploration.  Canadian Bulletin Medical History 1990,
7:161-167.
31. Moerman DE: Native American Ethnobotany Portland OR: Timber
Press Inc; 1998. 
32. Kuhnlein HV, Turner NJ: Traditional plant foods of Canadian Indigenous
Peoples Philadelphia: Gordon and Breach Sci Pub; 1991. 
33. Arnason T, Hebda R, Johns T: Use of plants for food and medi-
cine by Native peoples of eastern Canada.  Canadian Journal of
Botany 1981, 59:2189-2325.
34. Hasselkus E, West C, Zampardo M: Thuja thrills.  American Nurser-
yman 1999, 189:40-46.
35. Lower ARM: The North American Assault on the Canadian Forest. A His-
tory of the Lumber Trade between Canada and the United States Toronto:
Ryerson Press; 1938. 
36. Carpenter KJ: The History of Scurvy and Vitamin C Cambridge: Cam-
bridge University Press; 1987. 
37. Watt J, Freeman EJ, Bynum WF, Eds: Starving Sailors Greenwich:
National Maritime Museum; 1981:131-162. 
38. Schick B: A tea prepared from needles of pine trees against
scurvy.  Science 1943, 98:241-242.
39. Macnamara C: Vitamin C in Evergreen-Tree Needles.  Science
1943, 98:242.
40. Kodicek EH, Young FG: Captain Cook and scurvy.  Notes and
Records of the Royal Society of London 1969, 24:43-63.
41. Parrish CC, Turner N, Solberg SM, Eds: Resetting the Kitchen Table:
Food Security, Culture, Health and Resilience in Coastal Communities
Hauppague, New York: Nova Science Publ; 2006. 
42. Beaglehole JC, Ed: The Journals of Captain James Cook on his Voyages of
Discovery. II. The Voyage of the Resolution and Adventure. 1772–1775
Cambridge: Cambridge University Press; 1961. 
43. Beaglehole JC, Ed: The Journals of Captain James Cook on his Voyages of
Discovery. III. The Voyage of the Resolution and Adventure. 1776–1780
Cambridge: Cambridge University Press; 1967. 
44. Blouin G: Medicinal uses of forest trees and shrubs by indige-
nous people of northeastern North America.  Proceedings XII
World Forestry Congress, Quebec City, Canada 2003:21-28.
45. Zimmer C: Isolated tribe gives clues to the origins of syphilis.
Science 2008, 319:272.
46. Koon HEC, Collins MJ: Scurvy, the scourge of guinea pigs and
man.  In Proceedings of the 3rd International Symposium on Biomolecular
Archeology: 14–16 September 2008; Rpt 1 University of York, Session
2.  (Cf. Old bones reveal new signs of scurvy. Science 2008,
322:368–369).
47. Schulze E: Über die beim Umsatz der Proteinstoffe in den
Keimpflanzen einiger Coniferen Arten entstehanden Stick-
stoffverbindungen.  Zeitschrift physiologische Chemie
896(22):435-448.
48. Klein G, Tauböck K: Argininstoffewechsel und Harnstoffgenese
bei höheren Pflanzen.  Biochemische Zeitschrift 1932, 251:10-50.
49. Durzan DJ, Chalupa V: Free sugars, amino acids, and soluble
proteins in the embryo and female gametophyte of jack pine
as related to climate at the seed source.  Canadian Journal of Bot-
any 1968, 46:417-428.
50. Durzan DJ, Mia AJ, Ramaiah PK: The metabolism and subcellular
organization of jack pine embryo (Pinus banksiana) during
germination.  Canadian Journal of Botany 1971, 49:927-938.
51. Durzan DJ, Mia AJ, Wang BSP: Effects of tritiated water on the
metabolism and germination of jack pine seeds.  Canadian Jour-
nal of Botany 1971, 49:2139-2149.
52. Durzan DJ: Nitrogen metabolism of Picea glauca. III. Diurnal
changes of amino acids, amides, protein, and chlorophyll in
leaves of expanding buds.  Canadian Journal of Botany 1968,
46:929-937.
53. Ramaiah PK, Durzan DJ, Mia AJ: Amino acids, soluble proteins
and isoenzyme patterns of peroxidase during the germina-
tion of jack pine.  Canadian Journal of Botany 1971, 49:2151-2161.
54. Durzan DJ, Ramaiah PK: The metabolism of L-proline by jack
pine Seedlings.  Canadian Journal of Botany 1971, 49:2163-2173.Page 14 of 16
(page number not for citation purposes)
Journal of Ethnobiology and Ethnomedicine 2009, 5:5 http://www.ethnobiomed.com/content/5/1/555. Durzan DJ, Pitel J, Ramaiah PK: Acid soluble nucleotides and
ribonucleic acids from germinating jack pine seeds.  Canadian
Journal of Forest Research 1972, 2:206-216.
56. Durzan DJ, Pitel J, Mia AJ, Ramaiah PK: Metabolism of uracil by
germinating jack pine seedlings.  Canadian Journal of Forest
Research 1973, 3:209-221.
57. Rowe JW: Natural Products of Woody Plants. I. Chemicals
Extraneous to the Lignocellulosic Cell Wall.  New York,
Springer Verlag; 1989. 
58. Durzan DJ: Nitrogenous extractives. Amino acids, proteins,
and nucleic acids.  In Natural Products of Woody Plants. 1. Chemicals
Extraneous to the Lignocellulosic Cell Wall Edited by: Rowe JW. New
York, Springer Verlag; 1989:179-200. 
59. Hodges JD, Barras SJ, Mauldin JK: Free and protein-bound amino
acids in the inner bark of loblolly pine.  Forest Science 1968,
14:330-333.
60. Passwater RA, Kandaswami C: Pycnogenol: The Super Protector Nutrient
Connecticut: Keats Publications Inc; 1994. 
61. Virgili F, Kobuchi H, Packer L: Procyanidins extracted from
Pinus maritima (Pycnogenol®): scavengers of free radical
species and modulators of nitrogen monoxide metabolism in
activated murine RAW 264.7 macrophages.  Free Radical Biology
and Medicine 1998, 24:1120-1129.
62. Chandler RF: Vindication of Maritime Indian herbal remedies.
Journal of Ethnopharmacology 1983, 9:323-327.
63. Jones NP, Arnason JT, Abou-Zaid M, Akpagana K, Sanchez-Vindas P,
Smith ML: Antifungal activity of extracts from medicinal
plants used by First Nations Peoples of eastern Canada.  Jour-
nal of Ethnopharmacology 2000, 73:191-198.
64. Felter WH: A Treatise on Thuya occidentalis. Drug Treatise No. 1 Cincin-
nati Ohio: Lloyd Bros; 1904. 
65. Hartzell H: The Yew Tree: A Thousand Whispers: Biography of a Species
Eugene OR: Hulogosi; 1991. 
66. Appendino G: The phytochemistry of the yew tree.  Natural
Product Reports 1995, 12:349-360.
67. Durzan DJ, Ventimiglia F: Free taxanes and the release of bound
compounds having taxane antibody reactivity by xylanase in
female, haploid-derived cell suspension cultures of Taxus
brevifolia.  In Vitro Plant Cell and Developmental Biology 1994,
30P:219-227.
68. Choi H-K, Kim S-I, Song J-Y, Son J-S, Hong S-S, Durzan DJ, Lee H-J:
Localization of paclitaxel in suspension cultures of Taxus
chinensis.  Journal Applied Microbiology & Biotechnology 2001,
11:458-462.
69. Chalupa V, Durzan DJ: Growth and development of resting
buds of conifers in vitro.  Canadian Journal of Forest Research 1973,
3:196-208.
70. Durzan DJ: Nitrogen metabolism of Picea glauca. II. Diurnal
changes of free amino acids, amides, and guanidino com-
pounds in roots, buds, and leaves during the onset of dor-
mancy of white spruce saplings.  Canadian Journal of Botany 1968,
46:921-928.
71. Durzan DJ: Free amino acids as affected by light intensity and
the relation of responses to the shade tolerance of white
spruce and shade intolerance of jack pine.  Canadian Journal of
Forest Research 1971, 1:131-140.
72. Durzan DJ, Steward FC: The nitrogen metabolism of Picea
glauca (Moench) Voss and Pinus banksiana Lamb. as influ-
enced by mineral nutrition.  Canadian Journal of Botany 1967,
45:695-710.
73. Durzan DJ: Nitrogen metabolism of Picea glauca. V. Metabo-
lism of uniformly labeled 14C-L-proline and 14C-L-glutamine
by dormant buds in late fall.  Canadian Journal of Botany 1973,
51:359-369.
74. Buchanan BB, Gruissem W, Jones RL: Biochemistry and Molecular Biol-
ogy of Plants Rockville MD: American Society of Plant Physiologists;
2000. 
75. Naylor AW: Interrelations of ornithine, citrulline and arginine
in plants.  Symposium Society of Experimental Biology 1959,
13:193-209.
76. Barnes RL, Naylor AW: Studies on the ornithine cycle in roots
and callus tissue of Pinus serotina and Pinus clausa.  Botanical
Gazette 1959, 121:63-69.
77. Guitton Y: Métabolisme de l'arginine dans le premiers stades
de développement de Pinus pinea L.  Physiologie Végétale 1964,
2:95-156.
78. Durzan DJ: The incorporation of tritiated water into amino
acids in the presence of urea by white spruce seedlings in
light and darkness.  Canadian Journal of Botany 1973, 51:351-358.
79. Durzan DJ: The metabolism of 14C-urea by white spruce seed-
lings in light and darkness.  Canadian Journal of Botany 1973,
51:1197-1211.
80. Durzan DJ: The fate of carbon during the assimilation of car-
bamoyl phosphate in white spruce seedlings as revealed by
[14C]-carbamoyl phosphate, [14C]-cyanate, and [14C]-bicar-
bonate labeling patterns.  Physiology Plantarum 1983, 59:233-241.
81. Todd CD, Cooke JEK, Gifford DJ: Purification and properties of
Pinus taeda arginase from germinated seedlings.  Plant Physiol-
ogy & Biochemistry 2001, 39:1037-1045.
82. Greenstein JP, Winitz M: Chemistry of the Amino Acids Volume 1. New
York: John Wiley & Sons; 1961. 
83. Magalhaes JR, Pedroso MC, Durzan DJ: Nitric oxide, apoptosis
and plant stresses.  Physiology & Plant Molecular Biology 1999,
5:115-125.
84. Crawford NM: Mechanisms for nitric oxide synthesis in plants.
Journal Experimental Botany 2005, 57:471-478.
85. Bard-Besson A, Pugin A, Wendehenne D: New insights into Nitric
Oxide signaling in plants.  Annual Review of Plant Biol 2008,
59:21-39.
86. Mori T: Effect of nitrogen nutrition on citrulline accumulation
in Cryptomeria japonica shoots.  Journal Japanese Forest Society
1976, 58:15-19.
87. Garcês H, Durzan DJ, Pedroso MC: Mechanical stress elicits
nitric oxide formation and DNA fragmentation in Arabidop-
sis thaliana.  Annals of Botany 2001, 87:567-574.
88. Pedroso MC, Magalhaes JR, Durzan DJ: A nitric oxide burst pre-
cedes apoptosis in an angiosperm and a gymnosperm.  Journal
Experimental Botany 2000, 51:1027-1036.
89. Pedroso MC, Magalhaes JR, Durzan DJ: Nitric oxide induces cell
death in Taxus cells.  Plant Science 2000, 157:173-181.
90. Durzan DJ: Stress-induced nitric oxide and adaptive plasticity
in conifers.  Journal of Forest Science 2002, 48:281-291.
91. Havel L, Durzan DJ: Apoptosis in plants.  Botanica Acta 1996,
109:268-277.
92. Durzan DJ: Monozygotic cleavage polyembryogenesis.  Cytology
and Genetics 2008, 42:159-173.
93. Magalhaes JR, Monte DC, Durzan DJ: Nitric oxide and ethylene
emission in Arabidopsis thaliana.  Physiology and Plant Molecular
Biology 2000, 6:117-127.
94. Durzan DJ: Automated chromatographic analysis of free
monosubstituted guanidines in physiological fluids.  Canadian
Journal of Biochemistry 1969, 47:657-664.
95. Durzan DJ: Column chromatographic separation of guani-
dines.  Journal of Chromatography 1972, 74:D146-D149.
96. Ventimiglia FV, Durzan DJ: The determination of monosubsti-
tuted guanidines using a dedicated amino acid analyzer.  Liq-
uid Chromatography/Gas Chromatography 1986, 4:1121-1124.
97. Durzan DJ, Chalupa V: Growth and metabolism of cells and tis-
sue of jack pine (Pinus banksiana). 4. Changes in amino acids
of callus and in seedlings of similar genetic origin.  Canadian
Journal of Botany 1976, 54:468-482.
98. Durzan DJ, Chalupa V: Growth and metabolism of cells and tis-
sue of jack pine (Pinus banksiana). 5. Changes in free arginine
and Sakaguchi-reactive compounds during callus growth and
in germinating seedlings of similar genetic origin.  Canadian
Journal of Botany 1976, 54:483-495.
99. Durzan DJ, Pitel JA: Occurrence of N -phosphoryl-arginine in
the spruce budworm (Choristoneura fumiferana).  Journal of
Insect Biochemistry 1977, 7:11-13.
100. Durzan DJ, Lopushanski SM: Free and bound amino acids of
spruce budworm larvae feeding on balsam fir and red and
white spruce.  Journal of Insect Physiology 1968, 14:1485-1497.
101. Barnes RL: Formation of γ-guanidinobutyric acid in pine tissue.
Nature 1962, 193:781.
102. Bidwell RGS, Durzan DJ: Some recent aspects of nitrogen
metabolism.  In Historical and Recent Aspects of Plant Physiology: A
Symposium Honoring F. Steward Edited by: Davies PJ. Ithaca New York:
Cornell University Press, College of Agriculture and Life Sciences;
1975:162-227. 
103. Durzan DJ, Richardson RG: The occurrence and role of α-keto-
δ-guanidinovaleric acid in white spruce Picea glauca
(Moench) Voss.  Canadian Journal of Biochemistry 1966, 44:141-143.Page 15 of 16
(page number not for citation purposes)
Journal of Ethnobiology and Ethnomedicine 2009, 5:5 http://www.ethnobiomed.com/content/5/1/5Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
104. van Thoai N: Nitrogen bases.  In Comprehensive Biochemistry: Lipids
and Amino Acids and Related Compounds Volume 6. Edited by: Florkin M,
Stotz EH. Amsterdam: Elsevier; 1965:208-253. 
105. Matsuda H, Suzuki Y: γ-Guanidinobutyraldehyde dehydroge-
nase of Vicia faba leaves.  Plant Physiology 1984, 76:654-657.
106. McChance KL, Huether SE: Pathophysiology. The Biological Basis for Dis-
ease in Adults and Children St. Louis: Mosby; 1998. 
107. Fürst P: The role of antioxidants in nutritional support.  Pro-
ceedings of Nutrition Society 1996, 55:945-961.
108. Padayhatty SJ, Katz A, Wang Y, Eck P, Kwon O, Lee J-H, Chen S,
Corpe C, Dutta A, Dutta SK, Levine M: Vitamin C as an antioxi-
dant: Evaluation of its role in disease prevention.  Journal Amer-
ican College of Nutrition 2003, 22:18-35.
109. Atkinson D: Cellular energy metabolism and its regulation New York:
Academic Press; 1977. 
110. Brody TM, Larner J, Minneman KP: Human Pharmacology. Molecular to
Clinical 3rd edition. St. Louis: Mosby; 1998. 
111. Popovic PJ, Zeh HJ III, Ochoa JB: Arginine and immunity.  Journal
Nutrition 2007, 137:1681S-1686S.
112. Wyss M, Kaddurah-Daouk R: Creatine and creatinine metabo-
lism.  Physiological Reviews 2000, 80:1107-1213.
113. Patel GK: The role of nutrition in the management of lower
extremity wounds.  International Journal of Lower Extremity Wounds
2005, 4:12-22.
114. Baudouin S: Critical illness: an overview of the physiological
and metabolic changes.  Endocrine Abstracts 2008, 14:S28.
115. Boelens PG, Houdijk APJ, Fonk JCM, Nijveldt RJ, Ferwerda CC, Von
Blomberg-Van der Flier , Thijs LG, Haarman HJT, Puyana JC, Van
Leeuwen PAM: Glutamine-enriched enteral nutrition
increases HLA-DR expression on monocytes of trauma
patients.  Journal of Nutrition 2002, 132:2580-2586. 112
116. Schutz T, Valentini I, Herbst B, Lochs H: European Society for
Clinical Nutrition and Metabolism. ESPEN guidelines on
enteral nutrition: summary.  Zeitschrift Gastroenterologie 2006,
44:683-684.
117. Zaloga GP, Siddiqui R, Terry C, Marik PE: Arginine: mediator or
modulator of sepsis.  Nutrition in Clinical Practice 2004, 19:201-215.
118. Ignarro IJ, Buga GM, Wood KS, Byrns RE, Chaudhuri G: Endothe-
lium-derived relaxing factor produced and released from
artery and vein is nitric oxide.  Proceedings National Academy Sci-
ences USA 1987, 84:9265-9269.
119. Nisoli E, Clementi E, Paolucci C, Cozzi V, Tonello C, Sciorati C, Bra-
cale R, Valerio A, Francolini M, Moncada S, Carruba MO: Mitochon-
drial biogenesis in mammals: The role of endogenous nitric
oxide.  Science 2003, 299:896-899.
120. Zhang Y, Hogg N: S-Nitrosothiols: cellular formation and
transport.  Free Radical Biology and Medicine 2005, 7:831-838.
121. Corpas FJ, Carreras A, Esteban FJ, Chaki M, Valerrama R, del Rio LA,
Barroso JB: Localization of S-nitrosothiols and assay of nitric
oxide synthase and S-nitrosoglutathione reductase activity
in plants.  Methods in Enzymol 2008, 427:561-573.
122. Pryor WA, Squadrito GL: The chemistry of peroxynitrite: a
product from the reaction of nitric oxide with superoxide.
American Journal Physiology – Lung Cellular and Molecular Physiology 1995,
268:L699-L722.
123. Pryor WA, Houk KN, Foote CS, Fukuto JM, Ignarro LJ, Squadrito ,
Davies KJA: Free radical biology and medicine: it's a gas, man!
American Journal Physiology – Regulatory, Integrative and Comparative
Physiology 2006, 291:R491-R511.
124. Alderton WK, Cooper CE, Knowles RG: Nitric oxide synthases:
structure, function and inhibition.  Biochemical Journal 2001,
357:593-615.
125. Lefèvre-Groboillot D, Boucher J-L, Stuehr DJ, Mansuy D: Relation-
ship between the structure of guanidines and N-hydroxygua-
nidines, their binding to inductible nitric oxide synthase
(iNOS) and their iNOS-catalyzed oxidation to NO.  Federation
of Experimental and Biological Sciences Journal 2005, 272:3172-3183.
126. Clark JF, Ed: Guanidino compounds in Biology and Medicine.
Molecular and Cellular Biochemistry 2003, 244(1 and 2):204.
127. Mori A, Cohen BD, Koide H, Eds: Guanidines 2. Further Explorations of
the Biological and Clinical Significance of Guanidino Compounds New
York: Plenum Press; 1989. 
128. Mori A, Ishida M, Clark JF, Eds: Guanidino compounds in Biology and
Medicine 5th edition. London: Blackwell; 1999. 
129. Pisano JJ, Chozo M, Udenfriend S: Biosynthesis of γ-guanidinobu-
tyric acid from γ-aminobutyric acid and arginine.  Nature 1957,
180:1125-1126.
130. De Deyn P, Macdonald R, Marescau R, Lowenthal A: α-Keto-δ-gua-
nidinobutyric acid, a compound isolated from hyperarginine-
mic patients, displays epileptogenic activities.  In Guanidines 2.
Further Explorations of the Biological and Clinical Significance of Guanidino
Compounds Edited by: Mori A, Cohen BD, Koide H. New York, Ple-
num Press; 1989:251-257. 
131. Vanholder R, Schepers E, Meert N, Lameire N: What is uremia?
Retention versus oxidation.  Blood Purification 2006, 24:33-38.
132. Beers MH, Ed: The Merck Manual of Diagnosis and Therapy 18th edition.
Whitehouse Station New Jersey: Merck Research Laboratories;
2006:1152-1153. 
133. Oubré AY, Carlson TJ, King SR, Reaven GM: From plant to
patient: an ethnomedical approach to the identification of
new drugs for the treatment of NIDDM.  Diabetologia 1997,
40:614-617.
134. Berlinck RGS, Kossuga MH: Natural guanidine derivatives.  Nat-
ural Product Reports 2005, 22:516-550.
135. Forrester JM: The Physiologia of Jean Fernel Darby PA: American Philo-
sophical Society and Diane Publishing Co; 2003. 
136. Welch GR: In Retrospect: Fernel's Physiologia.  Nature 2008,
456:446-447.
137. Hampton JR: Evidence-based medicine, opinion-based medi-
cine, and real-world medicine.  Perspectives in Biology and Medicine
2002, 45:549-568.
138. Morley M, Molony CM, Weber T, Devlin J, Ewens KG, Spielman RS,
Cheung VG: Genetic analysis of genome-wide variations in
human gene expression.  Nature 2004, 430:743-747.
139. Flint J, Mott R: Finding the molecular basis of quantitative
traits. Successes and pitfalls.  Nature Reviews Genetics 2001,
2:437-445.
140. Dunn WB, Ellis DI: Metabolomics: current analytical platforms
and methodologies.  Trends in Analytical Chemistry 2005,
24:285-294.
141. Fiehn O: Combining genomics, metabolome analysis, and bio-
chemical modeling to understand metabolic networks.  Com-
parative Functional Genetics 2001, 2:155-168.
142. Watkins SM, German B: Toward the implementation of metab-
olomic assessments of human health and nutrition.  Current
Opinions Biotechnology 2002, 13:512-516.
143. Nicholson JK, Lindon JC: Metabonomics.  Nature 2008,
455:1054-1056.Page 16 of 16
(page number not for citation purposes)
